The presence of thyroid autoantibodies is relatively high in women of childbearing age. There is evidence that positive thyroperoxidase antibody even in euthyroid women may increase the risk of spontaneous and recurrent pregnancy loss and preterm delivery. However, the evidence is not enough to justify recommendation on the screening of pregnant women for thyroid autoantibodies or LT4 supplementation for reducing maternal or fetal complications. In this paper we reviewed the related evidence and compared the new guidelines of the American Thyroid Association and Endocrine Society with respect to the screening and management of positive thyroperoxidase antibody in euthyroid pregnant women. As there was no major contradiction or disagreement between the two guidelines, either one of two guidelines may be used by clinicians for the appropriate management of thyroid autoimmunity during pregnancy.
Introduction
Thyroid disorders especially those of autoimmune origin are common in women of reproductive age. Normal maternal physiologic changes during pregnancy lead to complex endocrine and immune modifications. Thyroid gland volume enlarges and serum levels of thyroxine (T4) and triiodothyronine increase, whereas serum TSH levels reduce [1, 2] . These modifications are related to TSH-like activity of HCG, rise in thyroxin-binding globulin (TBG) due to hyperestrogenemia and resultant altered TBG glycosylation which increases TBG half life [3] , elevated glomerular filtration rate (GFR), and transplacental passage of FT4. Ten to 20% of pregnant women are positive for thyroid peroxidase (TPO) or thyroglobulin antibodies and euthyroid, of whom 16% will develop high TSH values during pregnancy and 35-50% will develop postpartum thyroiditis. The prevalence of TPOAb is even higher in women with a history of recurrent pregnancy loss, at around 17-33%, and in women with a history of subfertility, at around 10-31% [4] .
TPOAb constitutes a risk factor for hypothyroidism, miscarriage, preterm delivery, perinatal death, postpartum thyroid dysfunction and impaired motor, and intellectual development in the offspring. Miscarriage, or spontaneous pregnancy loss before the 24th week of gestation, is a common pregnancy complication affecting one in five pregnant women (17-33% of gestations) [5, 6] . Many factors like maternal age, family history, environmental exposure, and maternal medical conditions may be attributed to the risk of spontaneous pregnancy loss. Preterm birth, defined as delivery before 32 weeks' gestation, occurs in 6-15% of pregnancies and accounts for 75% of prenatal deaths, physical disabilities, and adverse neurodevelopmental outcomes [7] . Therefore, preterm delivery is accompanied by a high financial, psychological, and social burden on the parents and community [8] . Potential causes have been suggested for preterm labor, including trauma, infection, cervix insufficiency, premature rupture of membrane, and medical comorbidities.
The presence of thyroid autoantibodies is relatively high in women of childbearing age. There is evidence of the potential association of thyroid autoantibodies, particularly antithyroid peroxidase antibodies (TPOAb), and increased risk of pregnancy loss and preterm delivery even in euthyroid women [9] . The prevalence of TPOAb is much higher in women with a history of recurrent miscarriage and subfertility. In particular, in iodine-sufficient populations, thyroid autoimmunity is the main cause of hypothyroidism which itself contributes to adverse obstetric and fetal outcomes even in the subclinical state [9] . Although thyroglobulin autoantibodies (TgAb) are frequently detected along with TPOAb in autoimmune hypothyroidism, TgAb are also seen in some healthy individuals without detectable TPOAb. This occurrence of TgAb is uncorrelated with abnormal TSH levels, which indicates that it may not be necessary to test for TgAb and TPOAb in the general thyroid autoimmunity screening, as TPOAb testing alone seems sufficient [10] . In those individuals with indications of autoimmune thyroid disease (AITD), however, there is evidence that testing for both TPOAb and TgAb is beneficial [11, 12] . We only refer to TPOAb in this analysis.
An association between the risk of a miscarriage and AITD has been largely confirmed in several population studies, suggesting that TPOAb presence without overt thyroid dysfunction was significantly associated with a 3-to 5-fold increase in overall miscarriage rate [9, [13] [14] [15] [16] . The association between AITD and miscarriage, recurrent spontaneous abortions, and early pregnancy loss after in vitro fertilization (IVF) indicates statistically significant relationship between AITD and increased pregnancy loss and confirmed by metaanalyses that an overall relative risk of miscarriage is increased approximately 3-fold in women with AITD [9, [13] [14] [15] .
Three hypotheses may underlie the association of thyroid autoimmunity with pregnancy complications: first, thyroid autoantibodies may be considered as a marker of generalized autoimmune dysfunction in the body which itself has been known to be responsible for an increased pregnancy loss; second, TPOAb euthyroid women before pregnancy are more prone to develop subclinical or overt hypothyroidism during pregnancy due to hormonal imbalance in particular in the first trimester; and third, thyroid autoimmunity is considered as one of the risk factors of infertility. Although women with TPOAb are older than those without, age can be responsible for the increased risk of pregnancy loss in TPOAb women than thyroid autoimmunity itself and its role should not be ignored [17, 18] .
Given the potential association of thyroid autoimmunity and adverse pregnancy outcomes, it is of prime importance to screen pregnant women for thyroid autoimmunity and to manage thyroid antibody euthyroid women during pregnancy, when necessary.
The rapidly evolving data on the management of thyroid disorders during pregnancy have been the impetus for the development of several guidelines for the management of thyroid disorders by international thyroid associations during the past few years. Most recently, two sets of guidelines on the thyroid in pregnancy were published in the peerreviewed literature, namely, the American Thyroid Association guidelines published in October 2011 [19] and the Endocrine Society Guidelines published in August 2012 [20] . It is the aim of this paper to compare and comment on the recommendations of these guidelines regarding thyroid autoimmunity and miscarriage or preterm delivery.
Methods
The new guidelines of the American Thyroid Association and Endocrine Society addressing thyroid dysfunction during pregnancy have been considered. These guidelines reflect the knowledge gained in the last few years and discuss and suggest recommendations related to maternal and fetal aspects of thyroid disorders during gestational period. "Spontaneous Pregnancy Loss, Preterm Delivery, and Thyroid Antibodies, " pages 1098-1100 of the guidelines of the American Thyroid Association [19] and the section on the "Autoimmune Thyroid Disease and Miscarriage, " pages 2553-2554 of the Endocrine Society Clinical Practice guidelines [20] were reviewed and their recommendations for each of the specific topics were compared. Also the last part of the section of "Hypothyroidism" in pregnancy which discusses the management of TPOAb-positive euthyroid women, identified before conception, to prevent hypothyroidism during pregnancy and reduce postpartum thyroiditis (pages 1092-1093) were compared with related section in the Endocrine Society Guidelines. The recommendations that were more complete were selected and are included in Tables 1 and 2. A recommendation of either organization that differed or was more informative was cited in the tables; otherwise the word "same" was used. In the case that a recommendation or text of one of the organizations is present in the guidelines of the other organization, the letters (R) or (T) were added, respectively.
Results
The ATA guidelines posed 9 questions and responses which resulted in 5 recommendations [19] . In the Endocrine Society Clinical Practice guidelines, one recommendation was given for the screening or management of thyroid autoimmunity in pregnancy indicating that universal screening and possible treatment cannot be recommended at this time [20] . Comparisons of the recommendations of both organizations regarding screening for TPOAb in pregnancy are given in Table 1 .
As women with elevated anti-TPO antibodies are at increased risk for progression of hypothyroidism, if such women identified before conception require monitoring for hypothyroidism during pregnancy based on both guidelines, ATA recommends that serum TSH should be evaluated every Not recommended Same (T&R) * The letters T and R denote that the same recommendation or conception is given in the "text" or in the "recommendation" of the guideline. LT4, iodine, or selenium therapy to prevent postpartum thyroiditis Not recommended - * The letters T and R denote that the same recommendation or concept is given in the "text" or in the "recommendation" of the guideline.
4 weeks during the first half of pregnancy and at least once between 26 and 32 m weeks gestation and Endocrine Society recommends that these women should be screened for serum TSH abnormalities before pregnancy, as well as during the first and second trimesters of pregnancy. Neither of the organizations recommends screening for TPOAb in pregnancy to prevent spontaneous abortion and preterm delivery or even screening euthyroid women with sporadic or recurrent abortions or those women undergoing IVF procedures. However, the Endocrine Society recommends thyroid-stimulating hormone (TSH) screening in pregnant women who are positive for TPOAb. The comparison of the recommendations of the American Thyroid Association and the Endocrine Society on the treatment for thyroid antibody euthyroid women in pregnancy is presented in Table 2 . None of the organizations recommends levothyroxine (LT4) therapy neither for thyroid antibody euthyroid women to prevent preterm delivery, sporadic, or recurrent miscarriage nor for women undergoing assisted reproduction technology.
Regarding the risk of postpartum thyroiditis (PPT) in TPOAb women, none of the organizations recommend LT4, iodine, or selenium treatment to prevent PPT.
Discussion
During pregnancy, there is higher risk of overt and subclinical hypothyroidism in women who are positive for thyroid antibodies before conception. Prospective studies by Glinoer et al. [21] in 1994 and Negro et al. 20 years later [22] found a progressive increase in TSH levels with progression of gestation in TPOAb euthyroid women. This is due to the comprisement in the ability of thyroid function to increase its production during gestation especially in the situation of limited thyroid hormone reserve like thyroid autoimmunity and iodine deficiency which causes imbalance between supply and increasing demand. Therefore both guidelines recommend that euthyroid women (not receiving LT4) who are positive for TPOAb require monitoring for hypothyroidism during pregnancy.
A nearly 2-fold increase in spontaneous pregnancy loss in euthyroid pregnant women tested for thyroid antibodies has been demonstrated in several studies, including a metaanalysis [9, 23, 24] . In the first prospective observational study on 552 women who were not significantly different for maternal age, thyroid hormone levels, gestational age, and the presence of cardiolipin antibodies, increased risk of miscarriage was correlated with detectable levels of thyroid autoantibodies (TPOAb, TgbAb) in the first trimester of pregnancy. The rate of miscarriage was 17% in thyroid autoantibody women compared with 8.4% for autoantibody-negative women [9] . A meta-analysis reported a clear association between the presence of thyroid antibodies and miscarriage with an odds ratio (OR) of 2.73 (95% confidence interval (CI), 2.20-3.40) in eight case-control and ten longitudinal (OR, 2.30; 95% CI, 1.80-2.95) studies. In most of these studies, serum TSH levels and the age of the participants in positive thyroid antibody group were slightly but statistically significantly higher than in the negative thyroid antibody group and so these factors may partly explain the observed results [23] . In addition, the association found in these studies does not infer causality; the mechanisms responsible are not clearly known but some reports indicate that it may probably be due to fetal resorption caused by thyroid antibodies [17, 18, 25] . In another meta-analysis of 31 studies (19 cohort and 12 case-control) involving 12,126 women, 28 showed an association between thyroid autoantibodies and miscarriage; with more than tripling in the odds of miscarriage with the presence of thyroid autoantibodies (OR: 3.90, 95% CI = 2.48 to 6.12; < 0.001) for the cohort studies and the odds ratio for miscarriage of 1.80 (95% CI = 1.25 to 2.60; = 0.002) for case-control studies [24] . Other studies [26] [27] [28] [29] , mainly have been performed on pregnant women who underwent assisted reproduction technology (ART), yielded more contradictory and less clear results.
Regarding recurrent pregnancy loss, most studies have found it to be associated with thyroid autoimmunity in euthyroid subjects [30] [31] [32] , but the data are less robust and more contradictory than for sporadic abortions due to the other potential causes of recurrent abortions. Many of the trials did not control for other possible causes of fetal loss such as parental chromosomal anomalies, immunologic derangements, and uterine pathology [32, 33] . A retrospective case-control study (on 1588 women) showed the occurrence of higher titer of thyroid autoantibodies (TgbAb and TPOAb) in women with recurrent pregnancy loss but not in women undergoing assisted reproduction technology (ART) [31] . Another case-control study on pregnant women with the history of unexplained recurrent miscarriage revealed that the presence of thyroid autoantibodies (TPOAb and TgAb) does not convey any association with miscarriage rate in contrast with the study by Prat et al. and Iravani et al. [30] in which thyroid autoantibodies were independently associated with a higher risk of recurrent abortion.
Negro et al. conducted the first prospective randomized interventional trials of LT4 supplementation on 984 TPOAbpositive euthyroid pregnant women. They divided TPOAb euthyroid patients into two groups: LT4-treated and LT4-untreated groups and a TPOAb-negative control group. Treated group and control group showed a similar rate for miscarriage (3.5% and 2.4%, resp.), which was significantly lower than untreated group (13.8%) ( < 0.05); however the study is limited by discordance between the average time of initiating treatment (at 10.5 wks of gestation) and average time of miscarriage (8.5 wks of gestation) [22] .
The meta-analysis of two randomized studies evaluated the effect of treatment with levothyroxine on miscarriage in women with normal thyroid function with thyroid autoantibodies (36% and 75% relative reductions), and when the results were pooled, there was a significant 52% relative risk reduction in miscarriages with levothyroxine (RR = 0.48, 95% CI = 0.25 to 0.92; = 0.03) [22, 24] .
Regarding implementation of medical interventions for TPOAb euthyroid women with recurrent abortions, studies have demonstrated decreased rates of miscarriage with LT4 or IV-IgG treatments [34] [35] [36] . In one study, a comparison of LT4 and IV-IgG managements showed a higher rate of term delivery in the LT4-treated groups [36] .
Thyroid autoimmunity may be also correlated with higher frequency of preterm delivery and low birth weight. Negro et al. [22] demonstrated higher rates of preterm delivery (22.4%) in TPOAb women without treatment than in TPOAb-negative women (8.2%) ( < 0.01; RR = 12.18; 95% CI = 7.93-18.7) and in LT4-treated TPOAb group (7%) ( < 0.05; RR = 1.66; 95% CI = 1.18-2.34). In the meta-analysis, there was a significant doubling in the odds of preterm birth with the presence of thyroid autoantibodies (2.07, 1.17 to 3.68; = 0.01) [24] . One study reporting the effect of levothyroxine on preterm birth in positive TPOAb euthyroid women found a 69% relative risk reduction in preterm births with levothyroxine (RR = 0.31, 95% CI = 0.11 to 0.90) [37] .
The data are less confirmatory about the role of TPOAb in miscarriage rate in infertile patients who underwent assisted reproductive technology [26, 37, 38] . A cohort study by Bussen et al. showed a miscarriage rate of over 50% in TPOAb women who underwent a first assisted reproduction technology (ART) [26] . Toulis et al. also showed that thyroid autoantibodies in euthyroid infertile women have an association with poor pregnancy outcomes after IVF attempts [28] . A meta-analysis on 1089 subfertile euthyroid women undergoing IVF (4 prospective studies) demonstrated significantly higher risk for miscarriage in women with thyroid autoimmunity (TAI) compared with controls (RR: 1.99; 95% CI (1.42-1.99), < 0.001) [29] . These studies found a nearly 2-fold increase risk of abortion in euthyroid women who underwent IVF [22] [23] [24] [25] , while others found no significant difference [38, 39] . Negro et al. in a retrospective study on 416 euthyroid women, who underwent ART, showed that the pregnancy and delivery rate were not affected by the presence of TPOAb [38] .
There is conflicting evidence regarding the role of selenium supplementation in reducing TPOAb titers in nonpregnant women [40] [41] [42] [43] [44] . Only recently a single RCT by Negro et al. showed that selenium supplementation in TPOAb euthyroid women decreased the frequency of PPT and titers of TPOAb during pregnancy; however due to insufficient evidences the guidelines do not recommend selenium supplementation to reduce the PPT risk in TPOAb euthyroid women. Two other randomized clinical trials [45, 46] 
Conclusions
The current available data regarding associations between thyroid autoantibodies and spontaneous or recurrent pregnancy loss and preterm delivery is convincing. However, the reduction of these complications by treatment with LT4 supplementation is less robust. The evidence is not conclusive enough to recommend screening for thyroid autoantibodies or for the treatment of euthyroid women who are positive for thyroid autoantibodies during pregnancy. Both sets of guidelines discussed here are of high quality, and there does not seem to be contradiction or disagreement between the recommendations of the American Thyroid Association (2011) [13] and of the Endocrine Society (2012) on the screening and management of women with thyroid autoantibodies in pregnancy. Therefore, we suggest that either one of the two guidelines may be used by clinicians for appropriate and up-to-date management of thyroid autoimmunity during pregnancy.
